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Abstract. - The reproductive biology of black-bellied anglerfish, Lophius budegassa Spinola, 1807, was 
described for the first time in the Saros Bay, in the North Aegean Sea, between September 2006 and September 
2008. A total of 862 specimens (15.7-107.0 cm) was sampled. Sex-ratio, spawning period and length at first 
sexual maturity were determined. The F:M sex-ratio was close to 1.5. Using gonadosomatic index and gonadal 
macroscopic observation, the spawning period was estimated to occur between December and March. Length at 
first sexual maturity was 42.5 cm for males and 58.8 cm for females. 


Resume. - Biologie de la reproduction de la baudroie rousse, Lophius budegassa Spinola, 1807, au nord de la 
mer Egee. 
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Key words 


La biologie de la reproduction des baudroies rousses, Lophius budegassa Spinola, 1807 au Nord de la mer 
Egee est ici decrite pour la premiere fois entre septembre 2006 et septembre 2008. Au total, 862 specimens (15,7- 
107,0 cm) ont ete analyses. Le sex-ratio, la periode de reproduction et la taille de premiere maturation sexuelle 
ont ete determines. Le sex-ratio F:M est proche de 1,5. En utilisant l’index gonadosomatique et l’observation 
macroscopique des gonades, la periode de ponte est estimee s’etaler de decembre a mars. La taille de premiere 
maturation sexuelle est de 42,5 cm pour les males et de 58,8 cm pour les femelles. 


Lophiidae 

Lophius budegassa Black-bellied anglerfishes, Lophius 

Reproducfo d n ^ budegassa Spinola, 1807, are a typi- 

Spawning cal bottom-living species with eco- 

Matunty nomical importance, living at a depth 

range between 70 m and 800 m. They 
are found throughout the Mediterranean Sea and the North- 
Eastern Atlantic, from the British Isles to Senegal (Duarte 
et al., 2001; La Mesa and De Rossi, 2008). Anglerfish spe¬ 
cies are relatively common in Turkish waters, with a total 
catch of 360 tonnes in 2008, followed by 219 tonnes in 2010 
and 204 tonnes in 2013 (TurkStat, 2013). In Turkish waters, 
anglerfish species are captured by the trawl fleets, which 
actuate in the different regions but their numerical addition 
is small. Although anglerfish species are not a target species 
in the fisheries, they have commercial importance for human 
consumption and are exported fresh or frozen in Turkey. 

In European Atlantic waters, age and growth (Landa et 
al., 2001,2008a), reproduction (Afonso-Dias and Hislop, 
1996; Duarte et al., 2001), feeding habits (Laurenson and 
Priede, 2005; Preciado et al., 2006) and geographical/depth 
distribution (Azevedo, 1995; Pereda and Landa, 1998; Landa 
et al., 2008b) of black-bellied anglerfish have been stud¬ 
ied. Since 2000, studies on the biological characteristics of 
anglerfish in the Mediterranean have remarkably increased 
(Ungaro et al., 2002; Maravelias and Papaconstantinou, 
2003; Garcra-Rodrrguez et al., 2005; La Mesa and De Rossi, 
2008; Negzaoui-Garali and Ben Salem, 2008; Negzaoui- 


Garali et al., 2008; Carlucci et al., 2009; Colmenero et al., 
2010,2013; Stagioni et al., 2013). 

Despite the economic significance of L. budegassa, no 
information on its reproductive biology and dynamics is 
available in the North Aegean Sea. The lack of informa¬ 
tion on reproductive biology of L. budegassa, together with 
decreasing trends in landings, raised concerns on population 
structure and successful management of stocks in the future. 
In this regard, the main objective of the present study is to 
provide information on reproductive aspects of L. budegassa 
with a focus on sex-ratio, spawning period and length at first 
sexual maturity. 


MATERIAL AND METHODS 

Specimens were collected by means of commercial 
trawls between September 2006 and September 2008 in the 
Saros Bay, in the North of the Aegean Sea at depths between 
5 and 616 m (Lig. 1). Trawl times lasted for approximate¬ 
ly 30 min with moderate trawl speeds (2.5 knots.h '). A 
total of 862 blackbellied anglerfish were sampled. All fish 
were measured for total length (TL) in centimetres and 
total weight (TW), gonad weight (G) and somatic weight 
(SW = TW - GW) in grams. The maturity stage was deter¬ 
mined using the sexual classification scale of Duarte et al. 
(2001). Live stages were observed: stage I, immature; stage 
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II, maturing; stage III, mature; Stage IV, spawning and stage 
V, post-spawning. 

Spawning period was determined through monthly 
observations of the macroscopic development stages, and by 
the gonadosomatic index (GSI), calculated monthly for each 
sex, by the equation: GSI = (Gonad weight / Body weight) x 
100 . 

The length at which 50% of fish were sexually mature 
(L 50 ), or length at first maturity, was estimated for repro- 
ductively active fish (Stages 3-5) per cm size-class, by 
fitting a logistic function using the Newton algorithm 
(Microsoft Excel solver routine) which is defined as: 
P(l) = 1 / 1 + e~ (a + bl) where P(l) was the proportion of 
mature fish at length 1 , and a and b the parameters of the 
logistic equation (Pineiro and Safnza, 2003). Sex-ratios 
were compared to the 1:1 proportion by using the chi-square 
(X 2 ) goodness fit test (Hammer et al., 2001). The difference 
between the size structure in the females and males was ana¬ 
lysed by means of the non-parametric Kolmogorov-Smirnov 
test (Carlucci et al., 2009). The one-way analysis of variance 
(ANOVA) test was used to compare the differences in GSI 
values between males and females (Zar, 1999). 


RESULTS 

Sex-ratio 

A total of 862 black-bellied anglerfish were collected, 
including 526 females and 336 males, with a sex-ratio of 
1.57:1. The overall sex-ratio was significantly different 
from the expected 1:1 ratio (df = 1, y} ~ 41.88; P < 0.05). 
The number of sampled individuals by length is shown for 
both sexes in figure 2. The size ranges sampled were 15.7- 
75.7 mm TL and 17.1-107.0 mm TL for males and females, 
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Figure 1. - Map of the study area; Saros Bay, in the North Aegean 
Sea. • Sampling stations. 


respectively. The size structures were significantly differ¬ 
ent between males and females (Kolmogorov-Smirnov Z 
(females): 1.91, Z (males): 1.53; P < 0.05). The quantity of 
males and females are coarsely equal in the smaller lengths. 
Males are more numerous from about 30-35 cm length inter¬ 
val and above 40 cm, females outnumber males. 

Spawning period 

Figure 3 shows the percentage of each maturity stage 
by sex for L. budegassa at each monthly sampling. It shows 
that male ripening in (Stage IV) black-bellied anglerfish 
occurred from January to March with a low percentage in 
May (Fig. 3A). The percentage of maturing females (Stage 
III) increased from October to December and thereafter only 
appeared in low numbers from March to August. Spawning 
females (Stage IV) were observed in December through Jan¬ 
uary (Fig. 3B). Post-spawning females (Stage V) were most 
abundant between January and March (Fig. 3B). 

The gonadosomatic index (GSI) was used to estimate the 
reproductive period, which was based on monthly samples. 
The GSI (one-way ANOVA) showed a significant difference 
between males and females (df = 1, F = 6.39, P < 0.05). In 
males, maximum GSI value of 1.20 was reached in Janu¬ 
ary (Fig. 4A). For females, mean monthly GSI values were 
low between February and December (GSI = 0.80-0.72) and 
peaked in January (GSI = 6.04) (Fig. 4B), which coincided 
with the months of greatest incidence of “spawning” fish 
(Fig. 3B). The results of GSI and maturity stage indicate that 
the spawning period for black-bellied anglerfish in the study 
area was from December to March. 

Length at first sexual maturity 

The data on maturity stages indicates that length at 50% 
maturity (L 50 ) was 42.5 cm for males (Fig. 5A) and 58.8 cm 
for females (Fig. 5B). 



Length (cm) 


Figure 2. - Length-number distribution of Lophius budegassa sam¬ 
pled in the Saros Bay by commercial vessel between September 
2006 and September 2008. 
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DISCUSSION 

In the study area, the sex-ratio of L. budegassa was found 
to be 1:1.57 (336 males and 526 females). The sex-ratio val¬ 
ues of L. budegassa was similar to the other studies in the 
Atlantic and Scottish waters (Duarte et al., 2001; Laurenson 
et al., 2008; Landa et al., 2014) and for the Spanish Medi¬ 
terranean (Garcla-Rodriguez et al., 2005). In our study, size 


classes of L. budegassa were significantly different between 
males and females. Duarte et al. (2001) found that the sex- 
ratio varies with length and females attain a greater size than 
males in L. budegassa species. Carlucci et al. (2009) report¬ 
ed that the size structures of blackbellied anglerfish females 
were significantly different from males and the mean sizes of 
females were significantly greater than males. The propor¬ 
tion of female L. budegassa in the Spanish Mediterranean 
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Figure 3. - Monthly percentage of each maturity stage for males (A) and females (B) black-bellied anglerfish. Maturity stages: I, Immature; 
II, Maturing; III, Mature; IV, Spawning; V, Post-Spawning. 
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Figure 4. - Monthly variation of gonadosomatic index for males (A) 
and females (B) Lophius budegassa between September 2006 and 
September 2008. Vertical bars represent standard error with sample 
size values indicated between brackets. 

decreases with increasing depth that may reflect a seasonal 
segregation (Garcfa-Rodriguez et al., 2005). Laurenson et 
al. (2008) found that the proportion of L. piscatorius varies 
with both depth and season in Scottish waters. Several state¬ 
ments can explain this difference. Differentiation in growth 
rate between sexes can cause an unbalanced proportion, 
since the sex presenting faster growth rate will go through 
the most vulnerable smaller size phase quickly and, there¬ 
fore decrease the predation proportion. Conversely, the 
sex with slower growth rate will be more likely to pass 
predation, with its abundance decreased disproportion¬ 
ately in next development phases (Vicentini and Araujo, 
2003). Another important factor could be the sampling 
method. Bouchereau et al. (1989) indicated that this dif¬ 
ference of sex-ratio could be due to selective fishing in 
relation to morphological and behavioural differences, 
that can affect the sampling in relation to the real popula¬ 
tion. Another factor that could influence sex-ratio is food 
availability. Landa et al. (2014) reported that variation of 
the sex-ratio may be related to reproductive and feeding 
migrations of each sex to different locations. 

The estimated spawning period was mainly based 
on spawning (stage IV) and post-spawning (stage V) 


Figure 5. - Percentage of sexually mature males (A) and females 
(B) Lophius budegassa according to total length. 

and GSI values in females and males. Therefore, the results 
suggest a main spawning period from December to March 
for blackbellied anglerfish. In females, spawning and post¬ 
spawning stages have been seen from December to March 
and in males from January to March (Fig. 3A,B). At the same 
time, GSI values in males were high except in August and 
November, while female GSI values were the highest in lan- 
uary (Fig. 4A, B). The spawning males can be seen almost all 
year around (Duarte et al., 2001; Landa etal., 2014), and this 
could increase the chances for a mature female to encounter 


Table I. - Length at 50% maturity (L 50 ) of Lophius budegassa obtained 
by other authors. 


Length maturity 
L 50 (cm) 

Region 

Source 

Females 

Males 

56.2 

37.6 

Portuguese coasts 

Azevedo (1996) 

64.5 

34.5 

Bay of Biscay 

Quincoces etal. (1998) 

58.7 

41.0 

Northern Bay of Biscay 

Quincoces (2002) 

53.6 

38.6 

Atlantic Iberian Waters 

Duarte et al. (2001) 

70.4 

49.4 

Scottish Waters 

Laurenson et al. (2008) 

53.0 

36.0 

Northern Spanish Waters 

Landa et al. (2014) 

48.2 

33.4 

NW Mediterranean Sea 

Colmenero et al. (2013) 

58.8 

42.5 

Saros Bay 

This study 
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a mature male and thereby enhances reproductive success 
(Armstrong et al., 1992). Duarte et al. (2001) and Azevedo 
(1996) identified the main spawning period for L. budegas¬ 
sa in the Portuguese and Spanish Atlantic coasts to be from 
November to February and October to March, respectively. 
In the Bay of Biscay, the peak of spawning for L. budegassa 
was from May to July (Quincoces et al., 1998). The common 
feature to spawn over several months, however, is reflected 
in the extended hatching period of larvae, which experienced 
different environmental conditions (La Mesa and De Rossi, 
2008). According to Laurenson et al. (2008) and Landa et al. 
(2014), it was difficult to determine the spawning period of 
L. budegassa in Scottish waters and northern Spanish waters 
due to the lack of ripe female samples. 

In our study, male and female lengths at 50% maturity 
were estimated at 42.5 cm and 58.8 cm, respectively (Fig. 
5A, B). Previously published maturation data for L. bude¬ 
gassa is variable. The L 50 ranged from 48.2 cm to 70.4 cm 
for females and from 33.4 cm to 49.4 cm for males (Tab. I) 
(Laurenson et al., 2008; Colmenero et al., 2013) and our 
results fall in the middle of these ranges. Studies on both 
L. budegassa and L. piscatorius have a scarcity of mature 
females in catches and the effects of factors such as migra¬ 
tion, duration of the spawning phase, changes in catchability 
and methodologies (macroscopic analysis or histology) have 
previously been considered as potentially responsible for 
this situation. (Quincoces et al., 1998; Duarte et al., 2001; 
Laurenson et al., 2008; Landa et al., 2014). 

This study provided new information on the reproductive 
biology of L. budegassa in the North Aegean Sea. In earlier 
studies, size at first sexual maturity and minimum landing 
size of the black-bellied anglerfish in the North Aegean Sea 
were not investigated. Currently, there are no restrictions 
on capture size and spawning season of L. budegassa. This 
information can be used for establishing regulations on 
anglerfish fisheries. Our findings indicated that the mini¬ 
mum capture size of anglerfish should be 59 cm. In addi¬ 
tion, GSI data showed that spawning period of L. budegassa 
is between December and March. Further information on 
spawning grounds and migration patterns will be useful for 
understanding the life history of this species and for better 
management of Lophius budegassa stocks in the area. 
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